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Application No. JPl 1-218379 dated 10 August 1999 
[Name of the invention] a mechanism to open/close a door 

[Summary] [Objectives] This invention is to offer concems an opening/closing mechanism for 
a door with a little force, and at the sam@-time to ensure the door closed properly. 
[Measures to fulfil the objectives] This invention is a opening/closing mechanism for a door 
where the door (1) is fitted to open/close the opening of a container body (2), and the afore- 
mentioned door (1) is held closed by magnetic force. It uses permanent magnets and electro- 
magnets to generate a force to hold the door (1) closed. The mechanism is characterized by : 
When the door (1) is brought to a point near to the closed position, the afore-mentioned 
electro-magnet is turned "on". When the door (1) is brought closer still so that it is almost 
closed, the said electro-magnet is turned "off. 

[0001] [Technical application] This invention concems an opening/closing mechanism for a 
door where the door is fitted to open/close the opening of a container body, and the afore- 
mentioned door is held closed by magnetic force. 

[0002] [Conventional techniques] There are a number of mechanisms to hold a door closed 
by magnetic force. A household refiigerator is used as an example here. Generally speaking, 
a household refrigerator uses a metal door so that a number of permanent magnets on the 
refrigerator body can hold it closed. The number of the permanent magnets have been 
increased in order to enhance the magnetic (attracting) force, or the S pole permanent 
magnets have been provided on the refrigerator side, and the N pole permanent magnets have 
been placed opposite the S pole permanent magnets on the door, in order to hold the door 
firmly closed. 

[0003] While it is possible to increase the magnetic attraction by increasing the number of 
permanent magnets, or by using the S pole/N pole magnets, it is impossible to strengthen the 
permanents magnets themselves to any great extent. This leads to some disadvantages as 
explained below. Since the magnetic force cannot be strengthened, the door can be opened 
easily with httle force needed, it may not close properly. To counter this problem, the 
magnetic force can be increased by using an electro-magnet. This in turn will require a 
greater force to open the door. If an electro magnet is used, the greater force may throw the 
door onto the refiigerator, and impact on the mbber packing which is used to increase the 
seal, thereby causing premature wear and tear of the packing. All this is the reason why it has 
been difficult to ensure perfect closure. 

[0004] [Problems this invention is to solve] 

This invention attempts to offer an opening/closing mechanism for a door, which requires a 
little force, and ensures perfect closure. 

[0005] [Measures taken to solve the problem] This invention offers a opening/closing 
mechanism for a door where the door is fitted to open/close the opening of a container body, 
and the afore-mentioned door is held closed by magnetic force. It uses permanent magnets 
and electro-magnets to generate a force to hold the door closed. The mechanism is 
characterized by : When the door is brought close to a point near to the closed position, the 
afore-mentioned electro-magnet is tumed "on". When the door is brought closer still so that 
it is almost closed, the said electro-magnet is tumed "off. 

This means that when the door is brought close to the first position (start to close), the 
magnetic force of the permanent magnet is increased by the addition of powerful electro- 



magnetic force, ensuring the door is brought to the second position (almost closed). The door 
is then brought to the last position (completely closed) by the small magnetic force of the 
permanent magnet alone, as the electro-magnet is turned from "ON" to "OFF'. 
[0006] This invention is characterized by the following: 

The door comprises the inner panel and the outer panel and the side panel 

A bar is attached to the said inner panel with the tip piercing through towards the said 

refrigerator body. 

A mechanism is provided to support the bar in the above position. 

A rod extending from the base of the said bar pierces through the outer panel, with the tip 
attached to a handle. 

There is room between the surface of the outer panel and the handle for a person's fingers. 

When the door is closed, the said bar, touching the refrigerator body, retracts inside the door, 
and cuts off the power to the electro-magnet. When the handle is pulled to open the door, the 
power is still cut off. When the door is open and the hand is released from the handle, the 
said bar protrudes to tum the power on to the electro-magnet. 

When the door is brought to being closed from the open position, the door is operated without 
the handle being touched. 

When the door is pulled open, the power to the electro-magnet is kept off by the handle being 
held. When the door is brought to being closed, the power to the electro-magnet is tumed 
"on" by operating the door without the handle being touched, which adds to the attracting 
force of the permanet magnet, thereby ensuring that the door being brought to the second 
position. When the bar contacts the refrigerator body, it retracts into the inside of the door, 
which turns the power to the electro-magnet "off. The door is then moved to the fully 
closed position by the force of the permanent magnet. 

[0007] The afore-mentioned door is the door for a refrigerator, controls the "ON" and "OFF" 
of the internal lights provided in the door, and uses the mechanism for the 
retraction/protrusion of the bar to operate the afore-mentioned electro-magnet. That is: when 
the door is closed, the tip of the switch, touching the refrigerator body, retracts inside the 
door, and switches off the internal light, as well as the electro-magnet. When the door is 
pulled open, the tip of the switch protrudes, switching on the intemal light as well as the 
electro-magnet. When the door is brought to the first position, the attracting force of the 
electro-magnet is added to that of the permanent magnets, ensuring the door being brought to 
the second position. When the tip of the switch touches the refrigerator body, the tip of the 
switch retracts inside the door, the electro-magnet tums from "On" to "Off, the door is 
brought to the frilly closed position by the force of the permanent magnets alone. 
[0008][Actual example of the invention] Figs. 1-3 show examples of the door (1) of the 
refrigerator of this invention. The door (1) of this refrigerator is attached onto one side of the 
refrigerator body (2) so as to open/close around the vertical axis. This invention can be 
applied to the door of various other storage boxes e.g. fire extinguishers. 
[0009] The afore-mentioned door (1) comprises a rear-opening type box member (4) which 
consists of an oblong external panel (4 A) and four side panels (4B) extending from the four 
sides of the external panel and the intemal panel (5) which closes the opening (4A-sic.) of the 
box member (4). A rubber packing (3) is adheres to the perimeter of the afore-mentioned 
intemal panel (5) in order to absorb the impact of the closing door (1) onto the refrigerator 
(2). 



[0010] To keep the afore-mentioned door (1) closed (See Fig, 1), there are (See Fig.5) a 
number of permanent magnets (6 A) of either S-pole, or N-pole and a number of electro- 
magnets (7 A) of either S-pole, or N-pole, which generates powerful attracting force. The (2 
types of) magnets are arranged alternately in vertical line down the refrigerator body (2), 
There are also a number of permanent magnets (6B) of the opposite-pole to (6A) and a 
number of electro-magnets (7B) of the opposite-pole to (7 A) set in the door (1), in positions 
opposite to (6A) and (7A). With the force of the electro-magnets (7A) and (7B) added to that 
of the permanent magnet (6 A) and (6B), the door (1) is attracted to the almost closed 
position. (See Fig. 2) 

[001 1] The mechanism (X) is installed to switch the power on to the afore-mentioned electro- 
magnet (7A) and (7B), to generate magnetic attraction and to switch off the power. This 
switch mechanism (X) comprises: 

the bar (8) whose tip (8A) protrudes from the afore-mentioned internal panel (5) towards the 

refrigerator body (2) and retracts into inside the internal panel (5), 

the coil spring (9) which comes out and supports the bar (8) in the position, 

contacts (1 1 A) and (1 IB) attached to the afore-mentioned bar (8), which turn the power (10) 

(See Fig. 4) on/off to the afore-mentioned electro-magnets (7A) or (7B), 

the rod (12) which extends from the base of the bar (8), through the external panel (4 A), to 

the outside, and 

the handle (13) which is attached to the rod (12). 

[0012] As seen in Fig. 1, when the door (1) is in the fully closed position, the bar (8) is 
retracted inside the internal panel (5), the contacts (1 1 A), and (1 IB) are not in contact with 
contacts (14) and (15) of the power circuit (10). As the power circuit (10) is open, only the 
small force of the permanent magnets (6A) and (6B) keeps the door (1) in the fully closed 
position. To open the door as seen in Fig. 2, the fingers are inserted into the gap between the 
handle (13) and the door (1) to pull the door (1) against the small force of the permanent 
magnets (6A) and (6B). To close the door(l), the door (1) is pushed after releasing the 
handle (13). The tip (8A) of the bar (8) protrudes from the internal panel (5) towards the 
refrigerator body (2) by the force of the coil spring (9), which allows contacts (1 1 A) and 
(1 IB) to contact contacts (14A) and (14B) (See Fig. 3), thereby closing the power circuit (10) 
to turn the power on to the electro-magnets (7 A) and (7B). The powerful magnetic force of 
the electro-magnets (7A) and (7B) in addition to that of the permanent magnets (6A) and (6B) 
draws the door (1) from the point near to the closed position, in practice some 10 mm away 
from the refrigerator body (2). When the door comes nearer still, to the point (T), 
immediately before the fully closed position, in practice some 5 mm (See Fig. 3) from the 
refrigerator body (2), the tip (8 A) of the bar (8) contacts the refrigerator body (2) and retracts 
into the inside of the internal panel (5), allowing contacts (1 1 A) and (1 IB) to move away 
from contacts (14A) and (14B) of the power circuit (10). As the power circuit (10) becomes 
open, the door (1) is drawn to and held in the fully closed position by the small magnetic 
force of the permanent magnets (6A) and (6B) alone. The near closed position and the 
immediately before the closed position are defined as some 1 0 mm and 5 mm away from the 
refrigerator body (2). Other settings can be acceptable. This invention uses a swing-open 
type door (1). A sliding door can also be used. When the handle (13) is held to open the 
afore-mentioned door (1), the power circuit (1) is open, so saving unnecessary electricity 
consumption. 

[0013] The afore-mentioned power circuit (10) comprises: 

the alternating current power source (16) for the electro-magnet (7 A) and (7B), 

the transformer (17) which converts the alternating current power source (16) to direct 



current, 

the afore-mentioned contacts (14) and (15) for switching. (See Fig. 3) 
(D) in Fig. 3 is the rectifying diode. 

[0014] The afore-mentioned permanent magnets (6 A) and (6B), and the electro-magnets (7 A) 
and (7B) can be arranged as shown in Figs. 6 and 7. In Fig. 7 (sic. Fig. 6 ?), the electro- 
magnet (7A) whose pole is opposite to that of the permanent magnet (6A) is placed opposite 
to (6A). Li Fig. 7, the permanent magnet (6A) and the electro-magnet (7A) are placed in a 
vertical staggered pattern. 

[0015] In the above actual example, the handle (13) in the door (1) is connected to the bar (8). 
However, the afore-mentioned switch (X) can also act as a switch (19) (See Fig. 10) for the 
internal Ught (18). (Figs. 8 and 9) In more detail, the bar switch (19) is fitted so that the tip 
(19A) can protrude from the internal panel (5) towards the refrigerator body (2), and retract 
into inside the internal panel (5). The coil spring (20) which comes out and supports the 
switch (19) in the protruded position. The contacts (21A) and (21B) in the afore-mentioned 
switch (19) control the On and Off of the afore-mentioned power circuit (10) (See Fig. 10) 
which operates the electro-magnets (7A) and (7B). 

When the door (1) is closed, the contacts (21 A) and (2 IB) are not in contact with the contacts 
(14) and (15). The small force of the permanent magnets (6A) and (6B) attracts and holds the 
door (1) in the closed position, and turns off the intemal Ught (18) at the same time. From 
this state, the door (1) is pulled open by the handle (22) against the small force of the 
permanent magnets (6A) and (6B). When the door (1) comes away from the refrigerator 
body (2) at a set distance (5 mm), the switch (19) protrudes by the force of the coil spring 
(20), which turns on the intemal light (18), and turns the power to the electro-magnet (7A) 
and (7B), adding a powerfixl attraction to that of the permanent magnets (6A) and (6B). 
When the door (1) is brought to a set point (5 mm) off from the afore- mentioned refrigerator 
body (2), the afore-mentioned switch (19) contacts the refrigerator body, and retracts inside. 
From this point, the door (1) is drawn to and held in the ftiUy closed position by the 
permanent magnets (6A) and (6B) alone. 

[0016] [Effects of the invention] According to Claim 1, this invention can offer a mechanism 
to open/close a door for a long time without damaging the rubber packing (seal), as it ensures 
a perfect closure by using a powerfiil electro-magnetic force as well as that of permanent 
magnets, and only the small force of the permanent magnets is used to bring the door to the 
final closed position from a position immediately before the closed position, lessening the 
impact on the refrigerator body. Furthermore, the door can be opened to a set point using 
only a little force against the force of the permanent magnets alone. 

[0017] According to Claim 2, the electricity used for the electro-magnets can be saved by the 
handle being connected to the switch for the electro-magnets, which ensures the power to the 
electro-magnets being off while the handle is held. 

[0018] According to Claim 3, the mechanism configuration can be simplified and cost- 
effective by combining the switch for the intemal Ught and the switch for the electro -magnets 
operation. 

[A brief account of figures] 

[Fig. 1] Longitudinal lateral view of part of the refrigerator when the door is closed. 
[Fig. 2] Longitudinal lateral view of part of the refiigerator when the door is slightly open. 
[Fig. 3] Longitudinal lateral view of part of the refrigerator when the door is in a position 
immediately before the fiiUy closed position. 
[Fig. 4] electric circuit for the electro-magnet 

[Fig. 5] Cross-section showing the location of the permanent magnets and electro-magnets. 



[Fig. 6] Cross-section showing another location of the permanent magnets and electro- 
magnets. 

[Fig. 7] Cross-section showing another location of the permanent magnets and electro- 
magnets. 

[Fig. 8] Longitudinal lateral view of part of another type of refrigerator when the door is 
slightly open. 

[Fig. 9] Longitudinal lateral view of part-of another type of refrigerator when the door is 
closed. 

[Fig. 10] electric circuit for the intemal light and the electro-magnet 
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